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The study discussed in this document was carried out as part of the
efforts of the Pollution from Land Use Activities Reference Group
(PLUARG), an organization of the International Joint Commission,
established under the Canada/U.S. Great Lakes Water Quality
Agreement of 1972. Funding was provided through the Ontario
Ministry of the Environment. Findings and conclusions are those of
the author and do not necessarily reflect the views of the Reference
Group or its recomnendations to the Commission.
Reference to equipment brand names or supplies in this publication
is not to be interpreted as an endorsement of that product or
supplier by the author or the Ontario Ministry of the Environment.
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8.0 SUMMARY
The purpose of this technical report is to document the data collec-
tion methodology adopted by the Ontario Ministry of the Environment
(MOE) under the Task C (Canadian Section) field studies of the
Pollution from LandUse Activities Reference Group (PLUARG)
program. The Grand River and Saugeen River pilot watersheds were
chosen as part of the PLUARG program for intensive study in Canada,
to cover a wide variety of potential sources of pollution to the
Great Lakes. Land uses not adequately represented in the pilot
watersheds were incorporated into the study by including additional
subwatersheds in different parts of the Great Lakes basin.
Estimates of pollutant loading (i.e. mass transport) from each
investigated land use were derived from the combined field and
laboratory measurements of water quantity, water quality and sedi-
ment quality to delineate sources, extent and relative significance
of pollutant contributions to the Great Lakes. In most cases, a
land use under study comprised only a small portion of a watershed
and required upstream and downstream monitoring to determine (by
difference) the pollutant contribution to the receiving stream from
the investigated land use.
Monitoring sites were chosen to collect representative samples.
For
surface water, physical characteristics of the stream reach, as well
as accessibility and availability of electricity, were considered in
choosing the site.
For ground water, observation wells, lysimeters,
etc. were established up and down gradient of the study areas.
Rainfall
intensity and daily total
rainfall
were obtained by means
of a network of rain gauges which
supplemented the data available
from other agencies.
The construction, calibration, equipment and procedures used to







 With the exception of a few water quality parameters which were
measured in the field (i.e. pH, temperature, dissolved oxygen and
conductivity), all physical, chemical and microbiological analyses
of waters were conducted in the laboratory.
The measurement of water quality parameters in the field and special
methods employed to minimize sample degradation while in transit to
the laboratory are discussed. Where applicable for example, the use
of specially prepared sample containers and/or field filtration,
chemical preservation and cold storage were employed to inhibit
chemical reactions and microbial activity.
Every effort was made to deliver fresh samples to the laboratory but
storage time did vary because of remote sample locations and local
shipping arrangements.
A supplementary monitoring exercise was‘
initiated to investigate the effects of storage time. No signifi-
cant changes in concentration were observed for conductivity,
alkalinity, calcium, magnesium, sodium, potassium, sulphate and
chloride. Significant changes in the measured forms of nitrogen and
phosphorus were observed with storage time, even when the experi-
mental sample was split under seemingly ideal conditions and stored
at a temperature of 4°C.
The procedures for collecting depth-integrated and grab samples in
streams are reviewed in the text. Grab-sample techniques were used
to collect surface-water samples only when field staff were not able
to use depth-integrated techniques as a result of extreme flood
conditions or during occasional equipment shortages.
Four percent of the PLUARG surface-water samples collected manually
by the Ontario Ministry of the Environment were replicated to
measure data reproducibility by obtaining two different samples
taken as close to the same time and place as possible, using


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 and soil were collected to supplement data collected in the water
quality progran and also to quantify the attenuation of nutrients,
inorganic trace contaminants and organic trace contaminants in the
ground-water flow systems.
Suspended-sediment quality was measured
seasonally to determine the percentage of contaminants carried by
sediment and to estimate the loading of some contaminants (i.e.
PCBs) which often occur in water samples below the analytical
detection limit.
In order to obtain sufficient quantity of sediment
for chemical
analyses,
large volumes of water
(600 to 1200 L) were



































Every effort was made to maintain
a consistently high standard of
data quality.










monitoring equipnent and instruction in its
use.
Close liaison was maintained between
field staff and



















































































As a result of the Great Lakes Water Quality Agreement of April 15,
1972, the International Joint Commission (IJC) established the
Pollution from Land Use Activities Reference Group (PLUARG). The
Reference Group was requested to enquire into and report to the two
governments upon the following questions:
"1. Are the boundary waters of the Great Lakes System being
polluted by land drainage from agriculture, forestry, urban
and industrial land development, recreational and parkland
development, utility and transportation systems, and
natural sources?
2. If the answer to the foregoing question is in the
affirmative, to what extent, by what causes, and in what
localities is the pollution taking place?
3. If the Commission should find that pollution of the
character just referred to is taking place, what remedial
measures would in its judgement be most practicable, and
what would be the probable cost thereof?"
In February 1974 the PLUARG prepared a "Detailed Study Plan" to
assess Great Lakes pollution from land-use activities. The
"Detailed Study Plan" emphasized fourmain tasks consisting of an
assessment of management and research information (Task A), an
inventory of land-use activities and analyses of land-use trends
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Two pilot watersheds, the Grand River and Saugeen River basins, were
chosen for intensive study in Canada to cover a wide variety of
potential sources of pollution to the Great Lakes. The selection
criteria for the pilot watersheds included climate, geology, soil
characteristics, land uses and other information already available
from completed or ongoing studies.
Land uses not adequately
represented in the pilot watersheds were incorporated into the study
by including additional subwatersheds in different parts of the
Great Lakes basin.
Two Activity 1 (agricultural studies) monitoring sites were located















































































































 9.3 SITE SELECTION
9.3.1 Surface—Water Sites
The monitoring network (quantity and quality) was designed to
collect surface runoff information (e.g. induced by rainfall events)
on diffuse or non-point sources of pollution. Monitoring sites were
chosen to represent key tributary locations upstream and/or
downstream of land-use activities designated for study in the Task C
objectives of Activities 1, 3 and 4.
The physical characteristics of the drainage area above each
monitoring site influence the magnitude and duration of streamflow
response to runoff events and consequently the timing and order of
monitoring activity for each site. Physical variabilities, such as
erosion and sedimentation processes, continually change the
tributary cross-section dimensions and consequently the discharge
characteristics at each monitoring site. In order to collect
representative samples, monitoring sites were chosen where the
physical properties of the tributary channel and monitoring cross-
section (i.e. accessibility, stability) were conducive to accurate
streamflow and water quality measurements. Ideally, straight river
reaches away from zones of streambank erosion or sediment deposition
were initially considered because changes in the cross-section
dimensions would be minimal. Sufficient channel capacities,
necessary to contain spring runoff, were also required to reliably
estimate pollutant transport during freshet periods. Channel
obstructions and steep streambed gradients were avoided in the
vicinity of the monitoring sites as these factors promote turbulent
streamflows which result in inaccurate discharge and water quality
measurements. Low streambed gradients, often characterized by
meandering oxbows, were also avoided in siting monitoring stations.
Low gradients promote inaccurate discharge and water quality
 
  
measurements as a result of sluggish streamflows, deep cross
sections and poorly defined velocity profiles.
Existing highway and secondary road bridges were used wherever
possible to permit easy accessibility throughout the year and to
allow field staff to safely perform suspension measurements during
high-flow periods. Readily available electrical supply, which is
necessary to power heating cables for stilling—well intakes and
submersible pumps for autonatic samplers, was also a consideration
in locating each monitoring site.
9.3.1.1 Agricultural Sites (Activity 1): As part of Activity 1
under the PLUARG study, Agriculture Canada (CDA) inventoried all
types of agricultural practices common to the Lower Great Lakes
 
basin and pinpointed areas with potential to pollute surface and
ground waters (Coote et al, 1974). Cropping and fertilizer
practices, drainage, soil, livestock density and pesticide usage
were some of the considerations in designating these regions. From
this inventory, eleven small subwatersheds were selected as
representative of the major agricultural regions in the Great Lakes
basin. Streamflow monitoring sites were established at the
downstream outlet of each of the agricultural subwatersheds under
investigation to provide base-line information for upstream studies
(Figure 1).
9.3.1.2 Other Land-Use Sites (Activity 3): As part of Activity 3,
monitoring sites were located upstream and downstream of a variety
of urban centres, a major highway with routine maintenance
operations, two extractive industries (a sand and gravel pit and a
limestone quarry) and a sanitary landfill (Figure 1).
Monitoring of
surface-water runoff from two agricultural plots used for spreading
of processed organic waste (sewage sludge) was also studied.
Specific field studies were not undertaken to measure the water
 quality of waste-water lagoons and irrigation systems, used to
dispose of municipal and industrial liquid waste; however, the
locations of irrigation systems in the Grand River and Saugeen River
pilot watersheds and the Lower Great Lakes basin were inventoried
and the contaminant contribution was estimated from existing
information.
9.3.1.3 Main—Stem Sites (Activity 4): After the land—use areas had
been chosen for study in support of Task C Activities 1 and 3, the
 
monitoring network was expanded to unmonitored areas of the Grand
River and Saugeen River pilot watersheds to trace the movement of
pollutants from the study areas to the boundary waters. The
locations of existing streamflow stations were utilized as part of
the Activity 4 study. Monitoring sites were located at both pilot
watershed outlets above the back-water effects of lakes Erie and
Huron, respectively.
9.3.2 Ground-Hater Sites
The ground-water monitoring networks were designed to obtain data on
the impairment of ground-water quality in the vicinity of waste
disposal sites. Monitoring sites (observation wells, lysimeters,
etc.) were established up and down gradient of the land-use study to
delineate the extent of ground-water contamination. Monitoring
networks were established for the sanitary landfill, processed
organic waste disposal and private waste disposal studies under
Task C.
Precipitation infiltrating into the ground recharges the ground-
water system directly and ultimately controls the amount of ground—
water discharge. The amount of infiltration will determine, in
part, the amount of leachate that will be generated as a result of
the infiltrating water mixing and reacting with the waste material
 
 (i.e. sanitary TandfiTTs). Water TeveTs were used to determine the
direction of ground-water movement and to monitor the changes in the
hydrauTic gradient. The amount of ground-water fTow was estimated
from Darcy's Law Q = TIL
where:
Q = quantity of water in imperial gaTTons per day (IGPD)
T = transmissivity (IGPD/ft)
I = hydraulic gradient feet per foot, dimensionTess
L = width of cross section (feet)
 10.0 DATA COLLECTION METHODOLOGY
 
All investigators conducting field measurements in the PLUARG
program were required to document their field methodology and
forward that documentation to the IJC Regional Office at Windsor.
In fulfillment of that obligation, Ontario Ministry of the
Environment (MOE) staff prepared a "Work Plan, January, 1976", to
provide the working details for the PLUARG studies in which the
Ministry was involved under Task C. However, the data collection
methodologies were not sufficiently described in the "Work Plan" to
permit comparison and evaluation of these data with data from other
studies.
Consequently this technical report has been prepared to
 
facilitate data comparisons with other studies (ongoing or future).
10.1 WATER QUANTITY MEASUREMENT
 
10.1.1 Surface Water
A conventional streamflow gauging station consists of an artificial
or naturally rated control (stream cross section where the stage
height is proportional to flow), a stilling well with intake pipe, a
water—level recorder and a recorder shelter (Figure 2). Continuous
streamflow measurements were maintained at most monitoring sites
under Task C Activities 1, 3 and 4. Field staff installed,
calibrated and maintained streamflow gauging stations constructed
for the PLUARG program.
10.1.1.1 Construction: After selecting a monitoring site (Section
9.3), the streambank was surveyed to determine the dimensions
necessary for a stilling well and adjoining intake pipe. A
10-gauge, steel bulkhead was welded to the bottom of the required
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 length of 30-inch diameter, 14-gauge steel culvert, which stood
vertically in the streambank and acted as a large-scale manometer.
The pre-assembled stilling well, weighing between 200-300 kg, was
transported to the monitoring site by truck on the day of
installation. A local back-hoe operator was usually contracted to
excavate a trench the required distancefrom the stream into the
streambank at a depth equivalent in elevation to the streambed. The
back-hoe shovel was used to suspend the stilling well into the
excavation such that the stilling well intake pointed directly into
the stream. Field staff threaded appropriate lengths of 2-inch
diameter, steel pipe from the stilling well to the stream (along the
trench excavation) to act as a water intake. The stilling well was
then lowered the remaining distance into the excavation and held in
a vertical position by ropes while the excavation was backfilled. A
Leupold and Stevens A-71 stage recorder was mounted on top of the
stilling well in a wooden shelter constructed to fit the top of the
steel culvert (Figure 2).
10.1.1.2 Measurement Equipment and Procedures: Field staff were
 
equipped with current meters and accessories necessary to measure
all magnitudes of streamflow and conducted 20-30 measurements per
year at each monitoring site. The types of current meters and
current meter accessories (i.e. propeller size, sounding reel
support devices) used for streamflow measurement were dependent upon
the streamflow conditions at each site. Measurements were conducted
in shallow, stream cross sections (less than 14 cm depth) during
low-flow conditions with a Gurley pygmy-type current meter
No.625-F. All other streamflow measurements were conducted with an
OTT universal current meter No.C-31 (Figure 3) connected either to
appropriate lengths of wading rod during low-flow conditions or to a
sounding reel for suSpension from a bridge when the stream was too
deep to wade. The sounding reel was secured to either a wooden
sounding board (Figure 4) and supported by field staff against the
bridge railing or it was secured to an aluminium "A" frame device
11
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 (Figure 5) to ensure more support and safer operation during flood
conditions.
Standard procedures for discharge measurement and rating of
controls, outlined in the United States Geological Survey (USGS)
publication "Stream Gauging Procedure" (Corbett and Others 1962),
were implenented by Ministry (MOE) staff for the PLUARG studies.
Streamflow measurements were conducted by undertaking velocity
 
observations at several vertical sections (15—25) across the stream
where it exhibited signs of uniform flow. Uniformity in streamflow
measurement technique, field—note documentation and streamflow
calculations were maintained among field staff. Streamflow was
calculated by the mean-section method for "n" verticals, described
as follows:
 
(V0+V1) (d0+d1) 31 + (V1+V2) (d1+d2) 32





= zero velocity usually assumed to be at water's edge
= stream depth at first observation vertical















= horizontal distance between the first and second
observation verticals
Q = discharge expressed as stream volume divided by time
14
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 The depth of the stream at the water's edge was always measured and
velocity measurements were taken as close to the edge of each
streambank as possible.
10.1.1.3 Ungauged Monitoring Sites: Streamflow gauging was not .
feasible at the watershed outlet of the Grand River (Site GR-15)
located 8 km upstream of Lake Erie because of a very wide channel
(1000 m) which is prone to flooding. Approximately 90% of the basin
 
is gauged and reliable estimates of mean daily discharges were
synthesized at Site GR-15 by a combination of simple prorating
(proportioned flow on the basis of drainage area) and statistical
routing schanes. Similar means were employed to augment flow data
at other sites during periods of missing records.
10.1.2 Ground Water
Field staff installed observation wells to monitor ground-water
levels in the vicinity of lands devoted to the disposal of solid
waste (sanitary landfill), septic tank effluent (private waste) and
the application of sewage sludge (processed organic waste disposal)
on agricultural lands.
10.1.2.1 Construction: Several types of ground—water monitoring
installations were used to obtain water-level data in the sanitary
landfill, processed organic waste disposal and private waste
disposal studies. The installations for the sanitary landfill and
processed organic waste disposal studies were constructed with 1%-
inch (3.18 cm) and l—inch (2.54 cm) I.D. galvanized steel pipe, and
za-inch (6.35 cm) 1.0. steel casing by a combination of driving,
jetting and rotary drilling (Figure 6). In all bedrock wells, the
casing was seated into the bedrock and the wells were completed as
open holes, by drilling several feet into the bedrock. Overburden
installations were completed with 2-foot (61.0 cm) long by 1%—inch










































































































also used to supplement the regular overburden installations.
In addition, two types of lysimeters (Figure 7) were installed to
measure the amounts of infiltration at the sanitary landfill site
study and to provide supplementary information on the amount of
ground-water flow at the site. The first type consisted of a
ZOO—litre drum (with holes drilled into the top) buried at a depth
of approximately one metre in the refuse. A lk—inch (3.81 cm) 1.0.
pipe was threaded into the top of the drum and extended to the
ground surface to allow access for measuring the amount of
infiltration. The second lysimeter, similar in construction to the
first lysimeter, consisted of a sheet of galvanized roofing material
buried in the refuse which drained into a ZOO-litre drum.
Three types of test wells (Type A, B and C) all constructed of PVC
pipe were used in the private waste disposal studies (Figure 8).
Holes were augered at predetermined locations to the required depth
so that the contaminated ground water was intercepted. The test
wells were installed in the augered holes and native soil was
compacted by hand around the perimeters. Perforations (drilled
holes in the pipes) were covered by a No.200 (0.07 mm pore size) and
No.270 (0.05 mm pore size) nylon mesh to permit the intake of ground
water and to minimize the entry of suspended soil particles.
In cohesionless soils (i.e. sand, sandy silt) where cave-ins of soil
developed upon augering holes into the saturated zone (i.e. below
water table) of the soil, Type "A" well points were installed. Type
"A" well points varied in diameter from 2.5 to 5 cm and from 1.2 to a
3 m in length. Because of the nature of the sandy soils and the
narrow diameter of the well point it was a simple matter to push or
hammer these well points into the augered holes.
18






   






























































    
  
  
   



















































































































































































































































































 In cohesive soils (i.e. clay, silty clay), where cave-ins of soil
did not develop when augering holes into the saturated zone, types
"B" and "C" well points were installed. Types "B" and "C" well
points were multiple-section well points which allowed the
extraction of water samples at various depths and consequently
reduced the time required for augering separate holes to those
depths. Each section of the Type "B" well point (about 0.6 m in
length) was separated by a single PVC disk and was sealed with PVC
cement between the disk and pipe—section wall. Each section of the
Type "C" well point (50 cm in length) was tightly capped at both
ends and separated from the next section by native soil which was
compacted to a depth of 15-20 cm. Separate water sample and vent
tubing was installed from the ground surface to each section of the
Type "B" and "C" well points.
10.1.2.2 Measurement Procedures: Most monitoring of ground-water
 
levels was done manually on a monthly basis using chalked steel
tape. Some manual water-level readings were correlated with
continuous records (from selected wells) to provide a continuous
record of water-level readings. The elevations of all wells were
established by a survey and the tops of the well casings were used
for measuring points. With a flowing well, additional casing was
added above ground level to allow the water to rise in the casing.
10.1.3 Precipitation
Each study area was equipped with an MSC tipping-bucket rain gauge
(Figure 9) consisting of a receiver and a recorder that permitted
the measurement of the amount, time and duration of precipitation.
An MSC standard rain gauge (Figure 10) was used in conjunction with
each tipping—bucket rain gauge as a check and correlation for daily
rainfall totals. The standard rain gauge used in the PLUARG studies




























































































































































































































































































































Standard Rain Gauge (copper)









funnel-shaped collector, and a graduated glass cylinder for
measuring the collected rainfall.
In general, equipnent and procedures used in the measurement of
precipitation for the PLUARG studies were in accordance with the ,
standards and practices of the Atmospheric Environment Service
(AES) and World Meteorological Organization (HMO).
Site—selection criteria outlined in the publication, "Guide To
Meteorological Instrument and Observing Practices" (WMO, 1971) were
used to ensure that each location was representative of the area.
All rain gauges were located on level ground away from all objects
in the area by a minimum distance equal to the height of the nearest
object. The installation of all standard rain gauges, supervision
of observers and data abstraction were the responsibility of the
Ontario Ministry of the Environment (MOE). Procedures for observers
and data abstraction were obtained from the publications,
"Precipitation" (AES, 1973) and "Recorded Precipitation" (AES, 1974).
 
10.2 WATER QUALITY MEASUREMENT
 
10.2.1 Laboratory Parameters
With the exception of a few water quality parameters which were
measured in the field (i.e. pH, temperature, dissolved oxygen and
conductivity), all physical, chemical and microbiological analyses
of waters were conducted in the laboratory. Most of the laboratory
analyses were undertaken at Ontario Ministry of the Environment
laboratories in Toronto and London and at the Ontario Ministry of
Agriculture and Food (OMAF) Pesticide Laboratory at Guelph. The









WATER QUALITY PARAMETERS MEASURED AT THE LABORATORY
Total Phosphorus Aluminium
Filtered Total Phosphorus Chromium
Filtered Reactive Phosphate-P Arsenic
Kjeldahl Nitrogen Selenium
Filtered (N03+N02)-Nitrogen Nickel
















































 10.2.2 In—Situ Parameters
Rapid changes in pH, dissolved oxygen and temperature occur within a
short period of sample storage time. Tributary samples for these
parameters were collected from the surface of the stream at the
centre of flow with a stainless-steel sampling bucket (Figure 11).
Measurements and analyses were conducted by field staff, where
possible, imnediately upon sample collection. Conductivity of
selected ground-water samples was also measured in the field to
determine the periods when more extensive monitoring was required to
delineate changes in ground—water quality.
Field pH measurements were made using Leeds and Northrup (Model
7417) portable field pH meters with a "Combined pH Electrode"
encased in a protective plastic shell. To minimize the error
associated with the temperature—slope compensator, buffer solutions
used for calibration were brought to the temperature of the sample
in a sample—water bath.
This instrument was calibrated twice daily
by the field technicians to ensure accurate results.
In addition to
those measurements of pH made in the field, the pH of many samples
were also measured at the laboratory.
Dissolved-oxygen concentrations in the stream were determined using
a dissolved-oxygen test kit, (Model OX-ZP), manufactured by the Hach
Chemical Company.
Samples intended for dissolved-oxygen
analyses
were collected from the centre of flow with a stainless-steel
sampling bucket.
Care was taken to fill the sampling bucket
slowly
to prevent bubbling which could result in elevated levels of
dissolved oxygen.
These measurements were time—consuming
and were
conducted primarily during the first year of study as the monitoring
schedule was modified to collect the maximum



































































   











































 The stream water temperature was measured near the surface of flow
using a mercury and glass imnersion thermometer graduated from
-100C to 1100C. A reading to the nearest 0.50C was taken
after the thermometer had been imnersed for a period in excess of
its time constant, the time period required to respond to sample
’
temperature (normally one minute was sufficient).
Conductivity of ground—water samples was measured at the time of
sampling (monthly) using a Beckman conductivity meter. This meter
has a manual temperature compensator with a conductivity range of
0—8000 umhos/cm3.
A solution of known conductivity was used to
calibrate the meter monthly.
A Lisle SI-2 continuous conductivity recorder (with a range of
0-5000 umhos/cm3) was installed at one of the observation wells
within the contaminant plume at a sanitary landfill site. The
purpose was to identify the changes
in the quality of the
contaminant plume with time.
A steel structure (Figure 12) used to
house the instrument was bolted to a 30—inch diameter culvert
embedded in concrete.
10.2.3 Sample Preparation






were employed in the field to minimize water sample
degradation.
Where applicable for example,
specially prepared
sample containers and/or field filtration, chemical preservation and















locations and local shipping arrangements.
28









































































    















LAYOUT FOR CONTINUOUS CONDUCTIVITY RECORDER OF
GROUND WATER IN THE SANITARY LANDFILL STUDIES
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 10.2.3.1 Sample Containers: Six different containers were used to
collect and store sufficient volumes of water samples for laboratory
analyses (Table 2). These containers consisted of a 500 mL glass
bottle (manufactured specifically for the suspended sediment
sampling apparatus), a 500 mL polystyrene jar, a one-litre
polyethylene container and three other glass bottles of 180, 600 and
1000 mL (1 litre) capacities.
Containers used for collecting water samples to determine the
quantity of suspended sediment (500 mL glass bottles) were
detergent-washed and rinsed with deionized water at the laboratory.
These distinctive wide-mouth bottles were designed specifically in
size to fit the USDH depth-integrating suspended sediment samplers
(Figure 13).
The sample containers used for soluble nutrient and mineral analyses
(500 mL polystyrene jars) were used as supplied by the manufacturer
(i.e. no container preparation) and then discarded after a single
use. Sorption of various parameters to the container walls
precluded more than a single use of the containers. Polystyrene
rather than glass containers were used to avoid possible elevated
levels of reactive "silicates" introduced by glass.
The sample containers used for total nutrient and carbon analyses
(1 L glass bottles) were rinsed with deionized water after the
containers were received from the manufacturer. These containers
too, were used once and then discarded to avoid desorption of
parameters from container walls which were already contaminated from
previous samples. The litre glass bottles were also used for
collecting pesticide and PCB samples; however, these were rinsed
with glass—distilled benzene and acetone. A separate one-litre
sample was collected for each of the major parameter groups
consisting of the organochlorine, organophosphate, triazine, and
other organonitrogen compounds.
30





















































































































































































N/A - not applicable »
ETR - equal transit rate (Section 10.2.4.2)
  
    
threaded insert for
wading rod



















































































































samples removed from their natural
enviromnent.
All
samples were delivered to the laboratory as soon
as was possible after collection to minimize the extent of changes




















less than 48 hours
after collection.
Delivery delays involving the





samples which were not delivered to the laboratory within 48 hours
were discarded.
A supplementary monitoring exercise was initiated to investigate the
effects of storage time on nutrient samples which are especially
sensitive to analytical delays.
Field staff collected a single 20 L
sample downstream of.a municipal discharge and split the sample into
ten routine sample containers, stored them at 4°C and shipped them
to the laboratory on ten consecutive week days.
It was anticipated

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































bacterial decomposition of organic nitrogen and subsequent bacterial
oxidation of annonium nitrogen to the nitrite and nitrate-nitrogen
forms.
In conclusion, significant changes in the measured forms of nitrogen
and phosphorus were observed with storage time, even when the
experimental sample was split under seemingly ideal conditions and
stored at a temperature of 4°C. The variability measured in the
total phosphorus concentrations re-emphasizes the need to collect
representative quantities of suspended sediment in river water where
phosphorus analyses are requested. These data also suggested that
although all of the routine nutrient samples collected in the PLUARG
program were stored at 4°C, the concentrations determined for
filtered total phosphorus, filtered reactive phosphorus and filtered
(nitrate + nitrite)-nitrogen (figures 14 and 15) represent a slight
overestimation of actual in-stream quality. Conversely, the
concentrations determined from routine samples for Kjeldahl nitrogen
and filtered ammonium nitrogen represent a slight underestimation of
actual in—stream quality. In-situ analyses would yield better
estimates of in—stream quality but are presently not practical
unless reliable specific-ion electrodes are developed for the
measurement of these paraneters.
10.2.3.3 Field Filtration: water samples which were filtered in
the field were first collected into two narrow-neck glass bottles
(600 mL capacity each) to ensure that sufficient volume of sample
was obtained for the field filtration procedure and subsequent
analyses of the filtrate. In the case of surface-water samples,
these containers were filled directly from the stream. Ground-water
samples could not be collected directly into the sample containers
but were transferred after the sample was collected by means of a























































































‘ ‘- < W ~ 0 -









































































L.£._‘|..lr Ii YL I .





. u . u.01}.IzLiJiiimiblL34.-qu
. :91. ‘

















































































































































































































The following list of equipment was used for field filtration of
samples analysed for the soluble water quality parameters listed in
Table 3: J
glass-fibre filter paper (Reeve Angel, 1-2 micron pore ]
size, 9-cm diameter)
filter funnel (porcelain, 9-cm diameter)
vacuum flask (Pyrex Erlenmeyer, 1 litre)
hand vacuum pump (North Hants Model)
forceps (stainless steel)
filtrate sample container (500 mL wide mouth polystyrene)
After the sample was collected, field staff imnediately filtered
that sample by means of the following procedure. The filter funnel
was rinsed with sample water contained in one of the glass bottles
used to store the water intended for filtration. The filter paper
was then removed from the storage carton with forceps and placed
onto the appropriate surface of the filter funnel. With the filter
paper in place, vacuum was applied to the funnel as two separate 50
mL aliquots of sample were poured through the system. The filtrate
was discarded after the vacuum flask was rinsed with each 50 mL
sample. Two additional 50 mL aliquots of raw sample water were
drawn through the filter paper into the vacuum flask to twice rinse
the 500 mL polystyrene filtrate container and thereby minimize
adsorption of phosphorus onto the sample container walls. Finally,
one-half litre of sample was filtered into the vacuum flask and
transferred into the filtrate rinsed, polystyrene container which
was subsequently stored at 4°C and delivered to the laboratory.
10.2.3.4 Chemical Preservation: Water quality samples intended for
phenolic analyses were collected directly into flint glass bottles
(180 mL) containing phosphoric acid (H3P04) and copper sulphate
(CuSO4). The H3P04 ensures that the CuSO4 remains in

































































































































given time, can degrade phenolic compounds in the sample.
inhibits any Pseudomonas population which,
Water quality samples intended for most trace-elements analyses (Cu,
Pb, Zn, Cr, Ni, Cd, As) were submitted to the laboratory in one—
litre polyethylene containers (Table 2). Concentrated nitric acid
(HN03) was added to the sample in the field (1 mL HNO3 per litre
of sample) to minimize adsorption of metals onto the container
walls. The same chemical preservation technique was used for water
samples intended specifically for mercury analysis. In addition,
sufficient saturated potassium permanganate (KMn04) solution was
added to sustain a faint pink colour in the sample and thereby
prevent the loss of elemental mercury during the time of sample
storage or concentration (boiling) by the analyst. Because of the
unique chemical preservation technique for mercury samples, they
were collected and stored in a separate container (180 mL flint
glass bottle).
10.2.3.5 Sample Storage Temperature: Sample containers used to
 
store waters intended for nutrient, mineral and microbiological
analyses were immersed entirely in ice to sustain a sample
temperature near 4°C. All other water quality samples were stored
at ambient temperatures except during the winter season when care
was taken to ensure that none of the samples were allowed to freeze.
10.2.4 Manual Surface-Water Samples
10.2.4.1 Grab Samples: The grab-sample technique employed the use
of a stainless-steel bucket (Figure 11) suspended from a bridge by
rope to collect water samples from the surface of the stream at the
centre of flow. A sample obtained in the stainless-steel bucket was
transferred into the appropriate containers. Grab-sample techniques
were seldan used because the quantity of suspended sediment near the
surface of the stream is usually not representative of in-stream
quality (i.e. particle-size distribution varies vertically).
40
 Grab-sample techniques were used only when field staff were not able
to use depth-integrated techniques as a result of extreme flood












































the centre of flow.
Additional
sampling verticals were located at
equally spaced intervals along the tributary cross-section
(imaginary line at right angles
to the direction
of streamflow).
The number of sampling verticals varied at each monitoring site
because of the seasonal
variability in the magnitude
of streamflow
and the width of each tributary cross—section (Table 4).
Depth-integrated samples were collected in some cases by hand
directly from the stream into the sample containers. Alternatively,
sample collection apparatus were used as an aid to collect
depth-integrated samples. A simple weighted bucket (Figure 16) was
designed to accommodate the standard one-litre glass and
polyethylene sample containers. Sample collection by means of the
weighted bucket eliminated the possibility of contamination (i.e.
direct collection into the sample container). Three models of
depth-integrating suspended-sediment samplers (DH-48, DH—59 and
0-49) which were developed by the Federal Inter-Agency Sedimentation
Project (Figure 13) were also used to collect depth-integrated
samples. The sample collection apparatus and technique used in the
collection of any one given sample was dependent upon the intended





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(pointed into the direction of streamflow).
Alternatively during high-flow conditions
the sample bottles were
attached, one at a time, to the outside of the stainless-steel
bucket (Figure 11) and suspended into the centre of streamflow.
10.2.4.3 Field Replicate Samples: Four percent of the PLUARG
surface—water samples collected manually by the Ontario Ministry of
 
the Environment were replicated to measure data reproducibility.
Two different samples (i.e. volume not split) were taken as close to
the same time and place as possible, using routine, manual sample-
collection methodology. Large volumes of sample were not collected
and split in the field since decanting turbid samples from one
‘
vessel would leave behind much of the sediment fraction. Replicate 1
























































































































































































































































































































































































































































 sites through a full range of stream discharge, to ensure that a
wide range of pollutant concentrations and flows were sampled.
All
field personnel participated in collecting replicate samples so that
the daily monitoring performance of each individual could also be
evaluated.
Replicate samples were collected, stored, preserved and
delivered to the laboratory in the same manner as all routine water
samples.
Analytical results from field replicate samples (pairs of data) were
used to compute a standard deviation for a list of routine chemical
parameters (Table 5). Citing the parameter total phosphorus as an
example in Table 5, the analytical differences obtained from all
replicate samples were used to compute a standard deviation (by
averaging) that applied to the entire calibrated concentration range
(.0 to 0.2 mg/L). In addition, the analytical differences from
replicate samples (see Section 10.2.4.4), were used to compute
separate standard-deviation values for concentrations occurring in
the low level 0-20% (0 to .04 mg/L), mid level 21-50% (.041 to .10
mg/L) and the high level 51-100% (.101 to 0.2 mg/L) of the
calibrated concentration range. The breakdown of the standard
deviations outlined above provides a convenient way to show the
distribution of sample concentrations and to assess the effects of
pollutant concentrations on data variability. Selection of
concentration—level divisions by percentage of the calibrated
concentration range (0-20, 21-50 and 51-100%) were chosen to be
consistent with the concentration-level divisions used by the
















































fied by replicate analyses of one sample from a given sampling run
(within-run replicate analyses).
Laboratory staff randomly selected and split 3 to 5 samples daily
for replicate analyses. Analytical results from split samples
(pairs of data) were used to compute a standard deviation for each
water quality paraneter. The standard deviation of the split sample
measures the routine effects of laboratory analyses on data
reproducibility. "Section l-B, Data Quality Report Series" (King
and Fellin, l976), contains laboratory performance reports on the
analyses of water quality parameters studied under PLUARG.
Standard-deviation values appear in this publication as a measure of
the reproducibility of single samples that were re-analysed.
The standard deviation computed for each water quality parameter
from the laboratory split samples is also shown in Table 5. These
data suggest that the effects of the field activity (manual sample
collection techniques and sample handling techniques adopted for the
PLUARG field program) on the quality of data derived from the
routine tributary samples are negligible.
10.2.4.5 Frequency: During non-runoff periods, the locations of
point sources were a key factor in establishing a sample collection
frequency at each monitoring site. Sites draining areas without any
point sources were sampled 4 to 12 times per month. More frequent
sampling was unnecessary as ground water constitutes the principal
supply of streamflow during these periods and the ground-water
quality is relatively constant. Monitoring sites draining areas
influenced by point sources (i.e. urban land use) were sampled more
often, 12 to 20 times per month, in anticipation of variable waste








































































































































































































































































samples fron agricultural areas were emphasized while trace-elements
samples were collected more frequently from monitoring sites in the
vicinity of urban areas.
Only the suspended—sediment, nutrient and
mineral (i.e. major anions and cations) analyses were conducted on
51
  






























































































































































































































































































































at these monitoring sites (drainage area from 900-5600 ha.).
Approximately ten to fourteen of these surface-runoff events






































































































10.2.5.1 Construction: A concrete pad was poured around the
perimeter of a conventional stilling well, to support a steel
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FIELD INSTALLATION OF THE SIRCO SAMPLER
  
55
 sampler programmer and stage recorder were supported by a table
directly above the stilling well (Figure 18). Electric heating
cables were installed to keep the stilling-well intake and the
sampler intake free from ice during the winter months. The CAE
sampler intake was positioned at the centre of the zone of
streamflow mixing, doWnstream of the control (streamflow measuring
cross—section) and approximately 10-20 cm above the streambed. The
sample intake was located close to the streambed to permit sample
collection during all streamflow conditions (Figure 20). The
sampler intakes were covered with 100— and 70-mesh screen (0.21 and
0.15 mm pore size) at two monitoring sites (AG—13 and UL-23) where
sediment repeatedly plugged the pump solenoid during key periods of
surface runoff. Temperature control of the CAE automatic-sampler
housing was possible only during winter months. Thermostats were
utilized to control the temperature (4-600) during cold weather to
inhibit sample degradation with storage time and also to prevent the
samples from freezing.
The SIRCO vacuum samplers, used exclusively in the processed organic
waste (sewage sludge) studies, were housed in portable fibreglass
housings. Two, concrete, H-type flumes and a fibreglass Parshall
flune, were installed to intercept surface runoff and to provide
part of the foundation for the prefabricated fibreglass housing
(Figure 19). The sampler intake was positioned in the throat of the
flume approximately 10 cm above its floor to permit sample
collection during runoff conditions.
10.2.5.2 Programming: Most of the automatically collected samples
(>98%) were obtained from monitoring sites instrumented with the CAE
submersible-pump samplers. Considerable programming flexibility
exists withthis instrument as sample collection frequency is
controlled by stage and/or time. Time intervals between sample
collection can be as short as 30 minutes, or as long as 7 days. The
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programmer dials. Each programmer dial is provided with a time
scale and 96 tabs which are positioned by hand and time activated to
collect a sample when desired. Each dial is initially activated by
stage height. The three programming dials are only active within a
predetermined stage range which is preset by the field technician.
The programner was situated directly above a conventional stilling
well (Figure 18) in which the water level responded in concert with
changes in the surface elevation of the stream. The elevation of
the float, which was suspended from the programmer into the stilling
well, determined which programner dial was active in controlling
sample collection frequency at any particular time.
The pumping cycle was set at a maximum time interval (90 sec.) to
purge the system at a rate of approximately 45 L/min. When the
purge was completed, an impeller in the programmer activated a
solenoid switch connected to the next group of bottles to be
filled. The bottling cycle ended when the water-sample level
reached a check valve suspended into the neck of each bottle.
The CAE subnersible—pump sampling system was modified to adapt to
pollutant loading calculation requirements. After the sample
bottling was completed, water left in the intake lines was directed
through a conduit (by gravity) into the stilling well.
A momentary
increase in the stilling-well water level was recorded on the stage
chart which provided a record of sample collection time and
instantaneous stage height. Water-level data were converted to
instantaneous
discharge which
corresponded in time with each of the
samples that were collected.
Each CAE submersible-pump sampler was programmed to collect ten,
consecutive, unattended samples. Although 40 sample bottles were
housed in the bottling manifold at one time, analytical volume


































































































































































different sample collection frequencies were
based on historic
streamflow records at each monitoring site (i.e. number
of events
exceeding a given quantity of streamflow).
During the low—flow periods (i.e. summer, fall), the CAE
subnersible-pump samplers were progrmnned to collect a minimum of
one sample each morning (i.e. every 24 hours).
The first programmer
dial was preset to be active as long as sane flow was occurring past
the sampler intake.
The field staff serviced and maintained each
CAE sampler twice weekly and discarded samples from alternate days
during periods of relatively constant baseflow. The schedule of
operation and maintenance outlined above ensured sampler performance
during critical surface-runoff periods when field staff were absent.
59
  
Depending upon the runoff characteristics of the drainage basin,
sample collection frequency was increased from once daily to between
three and six times daily when the stream stage height exceeded a
predetermined level, usually equivalent to 5 to 10 cfs (.14 to .28
m3/s). This sampling cycle was controlled by the second program-
mer dial. Most frequent sample collection was reserved for two
urban subwatersheds (UL—23, UL-24) and two agricultural subwater-
sheds (AG-l, AG—10), where surface runoff influenced streamflow for
the shortest period of time (i.e. flashy runoff). Runoff duration
at each site was found to be variable because of the unique water-
shed characteristics which prevailed upstream of the monitoring
sites (i.e. relative imperviousness, storm sewer and/or
tile—drainage network).
Sample collection frequency was again increased by the third
programner dial when the stream stage height exceeded a level which
was equivalent to 30 to 50 cfs (.8 to .14 m3/s). Streamflows
during the low—flow periods of the year exceeded these arbitrarily
chosen values usually for only short periods of time (one to six
hours) during significant runoff events. Samples during this period
were collected at or near the maximum of one to two samples per hour.
10.2.5.4 Sample Frequency During High-Flow Periods: The sample
 
collection frequency was modified for the spring freshet period in
anticipation of exceptionally high streamflows. The service and
maintenance schedule (visits by field staff) for each CAE
submersible-pump sampler was increased fron twice weekly to three or
four times per week.
A minimum of one sample per day was collected automatically during
periods of streamflow less than 30 cfs (0.84 m3/s) while awaiting
significant runoff events (first programmer dial). Again, depending
upon the runoff characteristics of the drainage basin, the sample
collection frequency was increased (second programmer dial) from
60
 once daily to between three and six times daily when the stream
stage exceeded a level which was equivalent to 30 to 50 cfs (.8 to
1.4 m3/s). Sample collection frequency was increased by the third
programner dial when the stream exceeded a stage level which was
equivalent to 60 to 90 cfs (1.6 to 2.5 m3/s). Streamflows exceed-
ing these values were considered to be exceptionally high and
samples were collected at or near the maximum of one to two per
hour, where possible.
10.2.5.5 Comparison Samples: Because the CAE sampler intake was
positioned at a fixed point in the cross section of the stream (i.e.
automatic sample not depth—integrated), water quality samples
collected by manual techniques were assumed to be more representa-
tive of the in—stream quality than samples collected by automatic
techniques.
A comparison sample program was undertaken to delineate the
representativeness of the autonatically collected samples at each
monitoring site. Water quality samples were collected by both
manual and autanatic techniques (paired samples) at all monitoring
sites instrumented with the CAE submersible—pump samplers.
Imnediately after collecting a manual sample at a predetermined
cross section, an automatic sample was collected by manually
























































































































































































































parameters analysed routinely on those samples collected by the CAE
autonatic samplers are listed in Table 6.
In general, the analytical results indicated that the comparison
sample concentration differences are small (Figure 21). The
concentration agreement at some sites was less favourable for
suspended sediment and sediment-related parameters (i.e. total
phosphorus) than for the soluble parameters. This lack of agreement
is likely due to the autanatic sampler intake being positioned at a
fixed point in the cross section of the stream and consequently
collecting unrepresentative amounts of suspended sediment.
Linear regression analyses wereconducted on comparison sample
concentrations for suspended sediment, total phosphorus and conduc-
tivity (Table 7). These analyses suggest that the comparison sample
concentration relationships at each monitoring site (correlation
coefficient) were generally good (most >0.70), particularly for the
soluble parwneters. However, agreement between comparison samples
(especially suspended sediment and total phosphorus) in terms of
absolute concentration (slope), was variable. For example,
suspended-sediment concentrations were biased high in most samples
collected by the CAE autanatic sampler as a result of the position-
ing of the sampler intake close to the streambed. Similarly, many
of the total phosphorus concentrations were also biased high in
those same samples where unrepresentatively high concentrations of
suspended sediment were recovered (i.e. phosphorus sorbed to
sediment). The most significant discrepancies in phosphorus
concentrations between comparison samples occurred at monitoring
sites where the sediment load was consistently high and the
suspended sediment was comprised of the smaller clay-silt particle-
size range (UL-23). Conductivity concentration comparisons
(Table 7) confirmed that the dissolved components (anions and














SAMPLES COLLECTED BY THE CAE AUTOMATIC SAMPLERS
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LE 7: COMPARISON SAMPLE CONCENTRATION RELATIONSHIPS (BEST FIT LINE) FOR CONDUCTIVITY,





















= -6.3 + 1.0 X
.99
= 9.5 + 0.95 X .73
-9.9 + 1.0 X
.99
= 46. + 0.86 X
.98
= 150. + 0.92 X
.92
= -15. + 1.0 X
.99















































-14. + 1.1 X
—6.1 + 0.9 X
0.6 + 0.7 X
5.7 + 0.5 X
-0.9 + 0.98 X
1.9 + 0.7 X
5.6 + 1.0 X































.002 + 1.1 X
—.005 + 0.97 X
-.001 + 0.93 X
.014 + 0.82 X
.040 + 0.97 X
.064 + 0.48 X
.005 + 0.93 X




























   
Variables unique to each monitoring site such as drainage area and
mean annual streamflow (Table 8) probably account for much of the
variability measured between monitoring sites in the comparison
sample program (i.e. regression equations, Table 7). In addition,
the baseflow period was sampled more successfully (greater number of
comparison samples) than any other period of flow. Low streambed
gradients (1.7 to 3.7 m/km at AG-l, AG-3, AG-lO and AG-13) results
in lower stream velocities, poor mixing and less representative
fixed—point sampling with automatic samplers. Samples were also
found to be less representative where the efficiency of the purging
cycle was reduced by long intake-conduit lengths resulting in large,
inside surface areas contacting the sample (37 m and 0.70 mg,
respectively at AG-4). In addition, differential compaction and
settling of the earth material in the vicinity of the intake conduit
could create depressional areas in the flexible conduit which would
trap sufficient sample to contaminate subsequent samples. Screens
installed on the intakes of two CAE submersible-pump samplers to
circumvent solenoid plugging prevented the collection of suspended-




Ground-water samples intended for water quality analyses were
collected regularly (one or two times per month) from a network of
drilled wells. These wells were located in the vicinity of land-use
studies related to the disposal of solid waste (sanitary landfill)
and septic-tank effluent (private waste) and the application of
sewage sludge (processed organic waste) on agricultural lands. A
summary of sample collection and handling information are presented
in Table 2. Sample containers, preservation and storage techniques
and field-filtration procedures previously outlined (Section 10.2.3)

























































































































































































































































































































































































































































































































































































































































































































































































transferred into the appropriate containers.
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 10.3 SEDIMENT QUALITY MEASUREMENT















of processed organic waste as
fertilizer. Bed—material samples were collected to confirm by
laboratory analyses, the identity of contaminants contributed by
each of the investigated land-use activities.
Suspended-sediment
quality was measured to determine the percentage of contaminants
carried by sediment and to estimate the mass transport of some
contaminants (i.e. PCBs) which often occur in water below the
analytical detection limit.
The sediment quality parameters measured at the laboratory are
listed in Table 9 and the sediment sample collection and handling
information (i.e. containers, sampling device, etc.) are outlined in
Table 10.
10.3.1 Bed Sediment
Samples of streambed sediment were collected by the multi—vertical
composite method. A minimum of five subsamples were collected from
the top five to ten cm of bed material. These subsamples were
collected at equally spaced intervals along the sampling
cross section and were then composited to form a sample of at least
500 9. 0n larger streams (greater than 250 m cross-section width) a
greater number of subsamples were collected at equally spaced














































Pesticides and Industrial Organic Compounds*
 
* See Table 1 for full list of parameters
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TABLE 10:




PARAMETER CONTAINER CONTAINER BED SUSPENDED SOILS BED SUSPENDED CHEMICAL STORAGE
GROUP TYPE PREPARATION SEDIMENT SEDIMENT SEDIMENT SEDIMENT SOILS PRESERVATION TEMPERATURE
Pesticides




& PCB Scan wide mouth deionized water corer, pump vertical
Temp
glass jar rinse and rinse Ekman
composite






All other chemical 500 mL. Detergent wash, Plexiglass Submersible Auger Multi-
Centrifuged Composite None
Ambient




























   
Bed-material samples were collected in a one and one-half inch 1.0.
(3.81 cm) coring device (Sutton, 1974). The sampler (Figure 22)
consists of a clear acrylic or aluminium tube 1 metre in length with
a piston constructed out of a sponge and 3/4-inch (1.91 cm) wooden
dowel. The purpose of the piston is to keep the sediment sample in
place while the sampler is being raised out of the stream. In
streams that were too deep to wade, an Ekman dredge (Figure 23) or
Ponar dredge (Figure 24) was suspended by a rope and utilized in the
collection of bed-material samples. Relatively few bed—material
samples were collected in this fashion.
To prevent contamination from the samplers, bed-material samples
were collected in the aluminium tube for pesticide analyses and the
acrylic tube for other analyses (i.e. trace elenents, nutrients and
particle size).
Bed-material samples were also collected for microbiological
analyses in a special study along the lower 34-km reach of the Grand
River. In this case an ethanol—rinsed Ekman dredge was used for
sample collection.
Bed-material samples were transferred from the collection device to
containers for storage and shipment to the laboratory. A 500 mL
glass bottle rinsed with organic solvent was used as a container for
bed sediments intended for pesticide and PCB analyses. A 125 mL
autoclaved nalgene jar was used as a container for bed sediments
intended for microbiological analyses. All other analyses (i.e.
heavy metals, nutrients, particle size) were conducted on a single
bed-material sample stored in a 500 mL. detergent washed, deionized,
water-rinsed glass jar.
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>
     
Longitudinal view ofcorer with piston head magnified.
Parts are: Dowling (A) , Plastic Core Liner (B), Metal Cutter (C)




































































































































































































1000 L of stream water including the suspended sediment (referred to
as bulk suspended-sediment sample), was collected at each station
and stored in plastic sample containers (40 L volume). All the
usual sample handling precautions were observed in order to ensure
the collection of a representative, uncontaminated sample. The bulk
suspended-sediment sample was transported to the processing unit




































to confirm the estimates of the pollutant fraction associated with
the sediment.
In addition to the bulk suspended-sediment sample, routine
water quality samples were also collected at the same time for
chemical analyses to verify those concentrations derived from the

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
11.0 LABORATORY MEASUREMENTS
 
This technical report is not intended to explore the variability in







































































































































































NITRATE + NITRITE -N (FILTERED)
KJELDAHL -N

































































































































































































* Atomic Absorption Spectrophotometry
 12.0 RECOMMENDATIONS FOR FUTURE MONITORING
 
12.1 MONITORING PROGRAM OBJECTIVES
Monitoring program objectives and specific data needs for each
monitoring site should be identified before undertaking
surveillance. A cost—efficient monitoring strategy should be
formulated to meet the objectives of all monitoring programs. Field
staff should be acquainted with the operation and maintenance of all
monitoring equipment and execute data-collection methods uniformly.
12.2 FIELD PROGRAMS
Field programs should meet the requirements of both the data user
and the analyst. The data user should define data requirements to
the laboratory support staff as they relate to specific research
needs and the laboratory should produce data of a defined quality.
Quality-assurance audits for each parameter should be routinely
produced by the analyst to document the changes in analytical
performance.
12.3 DATA SYSTEMS
Data systems should be flexible to accept changing reporting
practices with minor modification. Data systems should be designed
to include confidence limits for each parameter as a part of the
printout. Coding systems should be instituted to deal with
"criterion of detection" so that "less than" values are not included








































































































































































































































be collected at those monitoring sites where sediment is enriched
with organic and inorganic trace contaminants.
12.5 WATER QUALITY MEASUREMENT
 
It would be desirable that all water quality measurements be
performed uniformly with respect to sampling equipment, containers,
preservation, storage and collection technique. Since specific data
needs vary among monitoring programs, emphasis on uniform water
quality measurenents should be placed upon those parameters most
commonly measured such as suspended sediment, nutrients and minerals.
The need exists for the development of specific-ion electrodes for
in—situ water quality measurements of dissolved phosphorus, reactive
phosphorus, Kjeldahl nitrogen, nitrate nitrOgen, nitrite nitrogen
and annonium nitrogen. Further refinement of automatic samplers
designed for tributary surveillance is necessary to ensure the
collection of representative, uncontaminated samples.
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